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PREFACE 


The  purpose  of  this  paper  was  to  summarize  the  existing  studies 
of  the  acoustic  and  physical  properties  of  bottom  sediments.  The 


computet. ion  of  the  impedance,  reflection  coafficien 


enter  ion,  represents  the  original  meter i a i,  presented  in  this 


paper,  No  new  experimental  work  was  carried  on.  and  the  sediment 


were  or 


'n-J  Nefe  ( 1957) • This  paper  was  prepared  fcecaus 


it  was  bei-et4vei-t’ha>  the  information 


bounce  sone 


ACOUSTIC  AND  PHYSICAL  PROPERTIES  CP  BOTTOM  SEDiMfcH'id 


The  acoustic  and  physical  properties  of  bottom  sediments  play  a sig- 
nificant role  In  the  bottom  reflection  method  of  sound  transmission. 
Reflections  from  the  ocean  bottom  effect  the  total  transmission  loss 
between  a sound  source  and  a receiver.  In  general  these  effects  are  not 
so  readily  ca'cuiated  from  known  or  measurable  constants  of  a region  nor 
may  they  be  readily  predicted  in  advance.  An  examination  of  the  funda- 
mental relations  between  the  intensity  or  reflected  enargy  and  the 
constants  of  the  medium  is  of  value  in  suggesting  the  order  of  magnitude 
of  the  loss  to  be  expected  under  various  conditions. 

When  a sound  ray  is  reflected  from  the  ocean  bottom,  account  must  be 
taken  of  the  resultant  changes  in  amplitude  and  phase.  The  changes  in 
ojr.pl  etude  and  phase  for  the  reflected  ray  may  be  given  by  the  Rayleigh 
reflection  coefficient  for  plane  waves. 

The  ratio  of  the  acoustic-  pressure  in  a n. odium  to  the  associated 
particle  velocity  is  defined  as  the  specific  acoustic  impedance  of  the 
medium.  The  specific  acoustic  impedance  is  a real  quantity  of  magnitude 
Pc  that  is  analogous  to  the  mechanical  and  electrical  expressions  for 
resistance. 

Consider  an  ideal  plane  surface  separating  two  fluid  media  of  acoustic 
impedances P|  C|  and  A,  Cp.  In  the  boundary  plane  between  these  two  media 
two  important  conditions  must  be  satisfied  at  all  times.  These  are  (1) 
continuity  of  pressure  and  (2)  continuity  of  normal  particle  velocity. 

The  first  condition  requires  that  the  acoustic  pressure  of  the  wave  in 
the  second  medium  equal  the  acoustic  pressure  of  the  wave  in  the  first 
medium,  the  second  condition  requires  that  the  component  of  the  particle 
velocity  normal  to  the  boundary  plane  be  the  same  on  both  sides  of  the 
plane. 
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In  raathoBnatlcal  notation  these  conditions  ares 


'Pv  + Pr  - 1>X 


1\  c-v^  - TV  er  * JlL  Ora/  ©* 

/».C>  ^>,0.,  C'i 


where  P "pr  and  1\  s are  the  incident,  reflected,  and  • >:uiw 
pressure,  and  0^  - Qr  Q 


From  this  the  ratio  of  the  acoustic  pressures  of  tlifi  refl.ec  ted 


and  incident  waves  is  found  to  be 


0 L OcTtt.  Q|_  " /'■*,  4-1  0*. 

/\  0.,  Car^s  *5-  ^o.C  . Co-o,.  0^ 


lids  expression  the  Rayleigh  reflection  coefficient. 


The  ratio  of  the  acoustic  pressures  of  the  transriltted  and 


incident  washes  is  found  to  be 


C-Cr^v 
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At  normal  incidence  (<a.-,-o)  these  equations  red-ace.  to 
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The  reflection  coefficient,  R,  may  alio  be  xjritten  as 

r,  -f  • *i  'i 

^ cot;,  O-  - 6o  ] 
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These  pressure  ratios  nay  be  transformed  into  ratios  of  acoustic 

p1 

intensity  by  using  the  relation  1 - — „ The  ratio  of  intensities 

^>c_ 

is  then 
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The  loss  in  decibels  per  reflection  may  be  computed  by  using 


Loss  in  db  * 20  log  R (10) 

where  R i3  the  Rayleigh  reflection  coefficient,. 

When  the  velocity  of  sourd  in  the  be  t oon  is  greater  than  the 
velocity  of  sound  in  the  ocean  (ct  y c ) the  amplitude  of  the  reflected 
wave  will  increase  from  a firite  value  at.  norm!  incidence  to  a value 
of  unity  (perfect  reflection)  at  the  critical  angle  aid  remain  at 
unity  out  to  grazing  incidence  (#c»io)c  Tiie  critical  angle  is 
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The  most  rapid  rate  of  increase  is  immediately  below  th<-  exit  os : 
angle 0 The  phase  change  is  from  0 degrees  at  the  critical  angle 
to  180  degrees  at  grassing  incidence*  (<% --<%)£> 

If  the  velocity  of  sound  in  the  sediment  is  less  tha,  th~ 
velocity  of  sound  in  the  ocean ^'^he  reflection  coefficient 
decreases  from  a finite  value  at  normal  incidence  to  0 at  an  «ngle 
of  incidence  &s, 


At  the  angle  of  intromr.sslon^  6^. ail  sound  energy-  will  be  t’rn-s 
mitted  into  the  bottom-  Fon^y*^ihe  reflected  -save  is  reversed 
in  phase  by  180  degrees  and  the  reflection  coefficient  increises 
rapidly  to  a value  of  1 at^'*5&. 


One  of  the  major  uncertainties  in  the  application  of  th-e  re- 
flection coefficient  is  determine  r-j»  the  Lxt  situ  density  c.f  deep  sse 
sediments o In  situ  sediment  velocities  may  be  determined  by  »eiaml>g 
methods  whereas  in  situ  sediment  densities  are  determined  in  the 
laboratory*  Sediment  sound  velocities  are-  also  calculated  ir  the 
laboratory  and  agree  quite  well  witn  seismic  results,  Soria'  mees- 
uranents  of  water  temperature  and  salinity  are  necessary  .for  deter 
mining  sound  ray  paths’  ari  water  density 0 

lihenever  acoustic  and  physical  properties  are  discussed*  sedi- 
ments must  be  defined  rather  precisely  The  term  mud  i?  useful  as 
a fi‘«ld  term  or  as  a term  on  charts 9 bub  is  too  vague  when  exact 
determinations  of  physical  properties  are  made,  Ths  nomenclature 


that 


used  in  aialyaing  the  sediments  presented  in  this  reoort  is 

' >•’  ' !'!'  v*  *>:■.■  ■■'!  i;  I Mi  u\\  1 i.v\  i .}.■ , 

recommended  by  Shepard  in  which  a sediment  bane  is  derived  by  the 
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relative  amounts  of  sand,  silt,  and  clay  present.  The  following 
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i 

! 
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illustration  is  the  diagram  recommended  by  Shepard; 

too*f0 


The  sediments  within  any  one  division  may  be  further  named 
according  to  the  Wentworth  grade  scale  of  particle  diameters „ 
coarse  sand  lo00  - 0o50  mm 

medium  sand  0o50  ~ 0,25  mm 

fine  sand  ^^5  « 1,125  mm 

very  fine  sand  0,125  ~ 0,062  mo 

3 lit  Q„Q62  ■>’  0,00i|  nnr. 

clay  iess  than  0,,0OU  mm 

The  density  of  a sediment  is  dependent  on  the  densities  of  the 
solid  constituents  or  mineral  grains*,  the  water  in  the  pore  spaces 
between  the  grains,  the  gas  trppoed  or  formed  in  the  sediment,  and 
on  the  relative  amounts  of  these  constituents, 

A 3nall  number  of  common  minerals  compose  most  rocks,  The  3m 
portant  solid  constituents  of  unconsolidated  marine  sediments  are 
the  mineral  particles  derived  from  these  rocks,  the  mineral  grains 
which  form  in  place*  and  organic  deposits0  After  the  sediments 
are  deposited  on  the  ocean  fZoor  additional  minerals  may  be  formed 


5 


by  chemical  precipitation  or  by  the  su  oration  of  other  vir.tr.>' a. 
In  detritax  mineral  studies  it  i©  common  to  separate  the  .'Jr  - 


erale  in  a heavy  liquid  such  as  bromofom*  so  that  the  sni.neralL&  v . 
float  are  called  the  “light*’  Minerals  (loss  than  about  2 g.  re}* 
and  those  which  sink  are  called  the  •’•heavy*'  miner  a Is  ^ 

The  light  mineral s*  which  make  up  about  9&%  of  may  candy.  aw 
mainly  quarts  (2.  66  g/cc)  and  feldspars  (2c $1  tc  2c. 77  g/ae)  The 
dominance,  of  light  minerals  results  in  an  average  grain  tensity  it 
most  sends  of  about  2, -,65  g/ctio 

If  the  sediment  has  an  unusually  large  amount  of  her.vy  nines 
the  density  of  the  solid  constituents  will  be  greater  tm.n  tit-:  a 
of  2065  g/ecte  It  has  been  found  that  the  heavy  minerals  are  Ci>noen« 
bra  tad  in  the  finer  sizes  of  sand, ana  that  70S  of  the  heavy  m:  oerai 
grains  have  median  diameters  between  0,225  and  0.  06  rm  ■ 

The  density  of  the  solid,  constituents  in  a sediment  may  X * com- 
puted as  follows  3 

wet  wt  of  aedisTotii  wt  of  sea  w&be? 

Density  of  solids  « 


total  volume  of  sample  •»  volume  of  .‘’-a  wvter 
The  in  situ  density  of  shallow  bottom  water  varies  between 
XoO?  and  1,  03  g/©c0  The  density  of  bottom  water  increases  »/i  x dap tl 
to  about  1<05  at  3t,00C  fathoms. 

The  porosity  of  a rock  may  be  defined  as  the  pex*centage  of  pore 
apace  in  the  total  volume  of  the  rock,  i0  ec?  the  space  rot  occupied 
by  solid  mineral  matter..  The  porosity  is  the  total  por  spaot  as  con-* 
treated  with  the  effective  or  available  pore  space*  The  total  pore 
space  includes  all  interstices  or  voids  and  is  larger  tape  the 


6 


Table  i 


Sediment  data 

and  computed  bottom 

loss 

Median 

Sediment  grain  diara 
type  (mm) 

Porosity 

CO 

’v'et 

Density 

(g/cc) 

velocity 

(ft/sec) 

Impedance 
(H^g/cnf  sec) 
( ) 

reflection 

loss 

(db)  %.«< 

Medium  sand 

,284 

39 

io  99 

>60C 

3oli0 

8,5 

Medium  sand 

e270 

59 

1 ,50 

6690 

3u06 

9,8 

Medium  sand 

259 

U2 

1.95 

5504 

3c2Y 

9c0 

Medium  sand 

c-250 

i*3 

lc9k 

5855 

3 c 46 

8o4 

Fine  sand 

<176 

Li3 

lo  96 

5576 

3,33 

806 

Sandy  coarse 
silt 

0 0$9h 

61 

1,62 

5576 

2o  76 

10c9 

Sandy  coarse 
silt 

,0563 

57 

lc.77 

59  ch 

3-15 

%5 

Sanc^-  coarse 
silt 

•054 

65 

lc60 

4907 

2.^0 

I3c4 

Coarse  silt 

63 

1,,64 

4953 

2*47 

12  o 8 

Clayey  sandy 
coarse  silt 

eOU6 

66 

1,56 

4887 

2c33 

13o9 

Medium  silt 

cOlOL 

61 

1,63 

5543 

2C  76 

Hc3 

Fine  silt 

o009h 

65 

1,60 

5215 

2*54 

13c0 

Fine  silt 

o0078 

69 

1 ,5h 

4953 

2, .33 

34c  8 

Fins  silt 

*0071 

61 

lo62 

5150 

2.54 

13,0 

Fine  silt 

o0070 

69 

loUli 

5248 

2026 

15,3 

Very  fine 
silt 

,0 066 

79 

1,35 

4684 

2cd 

17,6 

Very  fine 
silt 

0 0063 

52 

l,7h 

5510 

20?2 

10,5 

Clayey  very 
fine  silt 

.oqse 

76 

ic  la 

4897 

2J.0 

16.5 

Clayey  very 
fine  silt 

c0052 

78 

137 

4887 

2oOU 

18,7 

Clayey  very 

,0050 

I.>l43 

4953 

2c16 

16,4 

fine  silt 


Clayey  wary. 

fine  silt 

o CG46 

o2 

1,57 

2.51 

12,8 

Coarse  clay 

,0036 

69 

i,i£ 

U586 

2,27 

15cU 

Coarse  clay 

.0033 

55 

1,77 

5£lo 

2„?7 

10,3 

Coarse  slay 

,0030 

7U 

1,50 

4?  36 

2.28 

15,5 

Coarse  clay 

,0023 

/a 

1,52 

U?52 

2-27 

15:U 

Coarse  clay 

$ 

0 

O 

83 

1,31 

4674 

1,95 

16*5 

Coarse  clay 

c.0020 

81 

1 .32 

463? 

I.o  97 

20,0 

Coarse  clay 

,0020 

80 

1.30 

UP  86 

1-98 

20,0 

Coarse  clay 

,0020 

op 

Ir  h$ 

^243 

2 ©32 

15,3 

Coarse  clay 

M9 

32 

1 31 

50:53 

2,2 

.15 ,5 

effective 

pare  space 0 

In  s 

Wat®*1  i aturatsd  * dtrant 

tha  void 

apace  r 

water  filled. 

Porosity  may  be  divided  into  two  classes i origin:.!  and  :«eeordary< 
Original  porosity  is  an  inbarent  characteristic  and.  was  iaterrdned 
at  the  time  the  sediment  was  former.  Secondary  porcsi ' respite  from 
la  tec  changes,  which  may  increase  or  decrease  the  original  porcwity  c. 

The  original  porosity  of  the  sediment  is  affected  ' t (1)  md« 
forraity  of  grain  sises  (2)  shape  of  grains,,  (3)  nethca  o'"  de;  sition 
and  manner  of  packing^  and  U)  completion  dudr-g  deposition. 

Theoretically,  actual  grain  sice  e.s  no  3 fluence  on  porosity© 
However,  it  has  been  found  that  the  flner^adned  sediments  have  a 
higher  porosity  than  the  coarce-grs  .ned  sadire  ts,  It  must  lie  noted 
that  sitte  is  related  to  other  properties.,  such  es  shape  vhioli  may  be 
an  influencing  factor  in  porosity  differences© 

Sand  grains,  because  of  their  large  sise*  sink  quickly  1»  the 
bottom  and  as  tliey  ere  too  large  to  be  affected  by  the  adsorbed 


l: 


1 

*. 
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water  on  their  surfaces  or  by  intermolecular  forces,  they  assume  a position 
among  the  other  grains  on  the  bottom  under  the  influence  of  gravity  and 
bottom  currents.  Sand  and  coarse-grained  silt-sized  particles  either 
assume  a single  grained  or  mixed  grained  structure.  'Whether  the  grain 
size  is  uniform  or  nonuniform  is  of  fundamental  importance.  The  highest 
porosity  is  obtained  when  the  grains  are  all  of  the  same  size.  It  has 
been  shown  that  equal-sized  spheres,  if  regularly  packed,  will  have 
porosities  ranging  from  26%  to  48%.  Naturally  deposited  sands  of  uniform 
size  have  porosities  ranging  from  23%  to  about  50%,  If  finer-grained 
particles  are  added  to  the  uniform  assemblage  the  porcsity  will  be  low- 
ered. This  is  due  to  the  interstices  being  occupied  by  the  finer  part- 
icles, thereby  leaving  less  room  for  the  interstitial  water. 

The  finer-grained  sediments  generally  possess  greater  porosity 
chiefly  as  a result  of  two  factors.  The  finer-sized  particles  have 
films  of  water  absorbed  on  their  surface  and  are  affected  by  inter- 
molecular forces.  /Then  these  particles  fall  to  the  bottom  they  will 
most  likely  stick  to  the  grain  on  which  they  first  fall.  They  will  be 
held  there  by  intermolecular  forces  and  will  form  a three  dimensional 
honey-comb  structure.  Smaller  particles  also  tend  to  be  less  rounded 
than  larger  particles,  a phenomenon  which  is  known  to  produce  an  in- 
crease in  the  original  porosity.  These  factors  tend  to  increase  the 
porosity  of  the  finer-grained  sediments. 

Grain  shape  is  another  factor  that  will  effect  porosity.  Labora- 
tory studies  show  that  minimum  porosity  is  obtained  with  disc-shaped 
particles.  These  studies  show  that  the  addition  of  placy  minerals, 
such  as  clay  and  ^ lea,  to  sediments  will  increase  the  porosity  con- 
siderably. Crushed  mica  has  a maximum  porosity  of  92%. 
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Vet  Density  (gm/cc) 


i 

;i 

|i 


* 

I 


■« 


THf*  y»|0  - ‘ T%*  ' n ' -v*  4 . r ;.  * • » 

water  density^  , and,  the  porosity  expressed  as  a fear-  tlon*  n,, 
may  be  expressed  as  e this  is  a straight  Line 

relationship  in  which  viet  density  • varies  inversely  with  porosity 
between  the  extremes  of  no  water  and  loo;'  water - 

If  the  wear,  grain  density  of  a sample  is  known  it  would  then 
be  poseihle  to  predict  porosities  for  sediments  of  any  jrain  size 
in  a given  area-  the  known  density  is  plotted,  at  zero  porosity s 
on  a density  veruc  porosity  diagr  ; (Fig  l).  A line  is  then  drawn  batwaen 
this  known  density  and  the  density  of  sea  water  (1,0 2j  at  100,3 
porosity)  „ The  wet  density  of  any  similar  sediment  in  -the  area 
should  lie  on,  or  close  tOj,  fids  li:os 


208 


2,6 


2r  4 


2C2 


2c  0 


1,3 


lo6 


Ich 


lc2 


loO 


jj  sea  water 

i — i_ — i — c — L— «... y 

0 10  20  30  ho  ‘JO  60  70  30  90  100 


Porosity  (%) 

Figure  I Sediment  Wet  Density  vs  Porosity 


'or  sediments  ranging  from  medium  sand  to  coarse  ni  •,  the  porosity 


varied  from  39  to  6J%  while  the  wot  density  range  was  from  1-50  to 

1,99  gm/cc  The  porosity  range  for  the  fine  blits  and  clays  is  from 

10 


~>2  to  83  . while  the  woo  density  vosc  - ; a ;k>i.  •;  at  J • 30  iVc - 


The  velocity  of  sound,  xn  ar*  ■ deal!;  elastic  homogeneous  me  rm 


is 


\ /Sf  J v ' ^ 


/A 


(12) 


where  7,  ' velocity  of  longitudinal  elastic  wave  . . k nod'.  .* 

/&  " compressibility?^  ® density { /*  • coefficient  af  rigidity  and 
cr  o Poisson” s ratio.  VJhen  rigidity  is  lacking  {/,  * 0),  q 
reduces  to 


V.  4 ^-  f 

■ V™  1 -/3/»  ' 


(13) 


Aliy  ;.nc regee  in  rigid! It-  ah  ••  . -.iiic'  .is  fco  bo  o-tp^co 
in  sediments*  would  increase  the  •.  of  s urh.  aa  t » r-,.'uo 
the  numerator  is  increased  t-c  -.re?.  Lur  ' •:.:■•  otr 

laboratory  studios  indicate  • . ■■  •:  - : - erril  l' t of  3 

suspension,  can  be  co-  idler.;.!  as  ;•>.  s.dr-i  tdvr  »>r  perty  . f -he  r'jodi  hiual 
compressib52itd.es  of  the  liquid  -nd  the  s : e ' ’>r  : Jo'  0;  i. 

: bulk  compressibility'*  of  :ho  ap.grega'e  he  obtained  from  kno  r 
mineral  compressibilities  and  rela  ivc  :.b  ndar  o'  of  A ruriour 
constituent  minerals  The  bulk  - nprcrAb  at  of  is  wet 
sodimert  may  be  determined  by  using 

(lu) 


where  n frae ••id.orn.j  <■  ros.  tj  • nuk  mineral  aggregate  carapross- 
ibilty  :u»c.  /S*  0 water  coraiU’eesi  ■ 1.1% 

Equation  ( 13)#  which  applies  to  fluids  and  suspension,  may  be  used 

to  de terrace  approve,  be  citmpregsihili  tics  for  sediments  with  por« 
oni tics  greater  than  about  6511 
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Equation  (13)  does  not  hold  for  sediments  with  median  diameters 

I 

in  the  fine  and  vem  fine  sand  range  because  of  the  grain -to -grain 
contact  vhich  causes  a more  rigid  structure.  Equation  (Hi)  gives 
some  idea  of  the  compressibility  values  for  these  sediments., 

An  examination  of  the  data  shovis  that  the  velocity  of  sound 
in  the  bottom  sediments  at  various  stations,  is  less  than  or  near 
the  velocity  of  sound  in  the  water  Just  above  the  bottom.  Laboratory 
studies  have  provided  a theoretical  explanation  for  the  low  velocities 
in  the  fine-grained  highly  porous  sediments 

These  sediments  are  lacking  a rigid  elastic  structure  and  the 
seainent  particles  fire  largely  free  to  move  in  the  sound  field,.  The 
velocity  behavior  will  follow  that  of  a suspension.  It  a pears  that 
when  the  mineral  concentration  reaches  23%  (77%  porosity)  in  a fine 
grained  sediment,  a structure  is  assumed  in  winch  the  grain  - to  - grain 
contacts  cause  the  sediment  to  assume  elastic  properties  which  were 
not  present  in  the  suspension,.  At  this  point  the  sediment  assumes  a 
measurable  rigidity,  its  Poisson's  ratio  decreases  from  0.5C  for  fluids,, 
and  its  compressibility  becomes  less  than  that  of  a fluid  mixture,. 

The  elastic  properties,  previously  small  or  absent,  now  become  im 
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portant  in  the  computation  of  the  velocity  of  sound  and  this  velocity- 
increases  Laboratory  measurements  indicate  that  there  are  many1  fine 
grained  sediments  with  a porosity  greater  than  about  60$  which  possess 
a loose  structure  and  can  be  considered  to  conform  approximately  to 
the  behavio-  of  a suspension 

A piot  of  velocity  vs  porority  shows  an  increase  in  velocity 
with  a decrease  An  porosity(Fi‘:  2) 
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Figure  2 Sediment  Velocity  vs  Porosity.  Figure  3 Sediment  Velocity  vs  hat 

Density. 


The  velocity  vs  wet  density  relationship  (Fig  3)  shows  en  Increase 
of  velocity  with  wet  density.  A plot  of  velocity  versus  median  diameter 

shows  a -enorai  ..Increase  of  vel.:c;!  r;  ,*  • very. 
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Figure  k Sound  Velocity  vs  Sediment  Median  Diameter 
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Figure  5 Porosity  vs  Median  Diameter 


Trx~-  I'japedfavo-; 


bean  computed  and  Is  presented  on  page  7.  Since  both  density 


and  voiced 


Figure  6 Impedance  (Density  x Velocity)  vs  Porosity 


as  porosity  increases  the  reflection  -nr,.-  lrcrca; 
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Figure  7*  Computed  Reflection  Loss  (db)  et  Normal  Incidence  vs  Porosity 


tui  ecxiaaxa»3d  iemxouaisr,  the  velocity’  ox  eouau  in  tfej  botl*a 

sadiraenta  ray  either  be  greater  than  or  less  than  the  velocity  of 
sound  in  the  water  overtying  the  bottom,  Figures  9 and  10  are 
plots  of  calculated  values  of  the  reflection  coefficient  vs  angle 
of  imitJem*  for  cM  >c*  anfj  c,  «.  0 
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Figure  9 Rayleigh  Reflection  Coefficient  vs  Angle  of  Incidence. 


i- 

\ 


i 

« 

51 

i 

| 

i 

3 


loO 

- 

— 

08 

/ 

oO 

L / 

/ 

oil 

o2 

- 

I 

C,  < r-# 

[ 

0 

1 .1  JU 

i 

1-  i 

o^/eg  * o88$ 
/V>.  « 1.^3 


TrTT7x,n"T7  r 

^ /O.  r 
*.  * 


0 20  h0  60  GO 

Ahglo  of  Incidence  ( ev  ) 

Figure  10  Reyleigh  Reflection  Coefficient  vs  Angle  of  Incidence. 
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By  using  Equation  (10)  it  is  possible  to  caapute  the  reflection  loss  froa 

the  reflection  coefficient*  Figure*  11  and  12  are  plots  of  reflection 
1388  vs  angle  of  incidence.  Figures  9 and  11(^>C^  show  that  as  the  angle 
of  incidence  increases  the  reflection  coefficient  decreases  to  zero  at 
the  angle  of  intromission  and  the  reflection  loss  increases  until  all  of 
the  sound  energy  is  transmitted  into  the  bottom,  At  angles  of  incidence 
greater  than  the  angle  of  intromission  the  reflection  loss  rapidly  de« 


Angle  of  Incidence 

Figura  I)  Reflection  Loss  vs  Angle  of  incldonco. 

.fhenCjKCj'  the  reflection  loss  will  decrease  as  the  angle  of  incidence 
increases*  At  the  critical  angle  and  beyond,  all  of  the  sound  energy  will 
be  reflected  (Fig  11) 

# 

A comparison  of  Figures  11  and  12  shows  that  high  reflection 
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Figure  12  Reflection  Loss  vs  Angle  of  incidence. 


losses  are  obtained  in  those  sediments  in  which  the  velocity  of  sound 
is  less  than  tlie  velocity  of  sound  in  ths  water 0 'fhe  average  coaqouted 
reflection  loscp  at  normal  incidence,,  was  found  to  be  about  9 db  for 
the  fine  and  medium  sandas  23  db  for  the  silte,  and  16  db  for  the  clays 0 
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